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(57)Abstract: 

PROBLEM TO BE SOLVED: To enable easy inspection of 
sharp change of shape over the whole surface of sample, 
especially change of shape in an edge portion by performing 
analyzation on change of shape in an inspection region for 
every sectional shape based on a surface shape data in a 



region set in the vicinity of the inspection region. 
SOLUTION: Vicinity regions 71-72 are for example set at 
radius positions 7I, y2 close to inspection regions 73-74 for 
radius(r) sectional shape of a disk to be inspected, and a 
reference line L to connect respective surface shape 




positions hi, h2 at the respective radius positions 71 , 72 is xltibQ W T2 
formed. By the use of this line L as the reference for '$$\ttt;T& 
calculating ski jump(SJ)/roll offCRO) in radius section of the 
disk, a protrusion deviation Ah (SJ value) and a recessed 
deviation h (RO value) with respect to the line L are 
obtained. Through such a sectional shape measurement is 
carried out at a plurality of angles from the center of the 
disk, the SJ value and RO value are calculated so as to 
evaluate the surface shape of the disk. 
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* NOTICES * 




JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] A configuration data input means to input the surface type-like data of the whole sample 
surface, and a cross-section configuration calculation means to acquire the radial cross-section 
configuration of a sample for every predetermined include angle based on the inputted data, Surface- 
analysis equipment characterized by having a setting means to set up the near field close to an inspection 
zone and this inspection zone, an analysis means to ask for form status change-ization of said inspection 
zone for every cross-section configuration based on the surface type-like data of said set-up near field, 
and an output means to output this analysis result. 

[Claim 2] The configuration data input means of claim 1 is surface-analysis equipment characterized by 
having the interference fringe means forming which forms an interference fringe by the reflected light 
from a sample front face and a reference side, an image acquisition means to capture the image of the 
formed interference fringe, and an operation means to ask for the surface type-like data on the front face 
of a sample based on the captured image. 

[Claim 3] It is surface-analysis equipment characterized by creating the datum line for every cross- 
section configuration based on the surface type-like data in said near field to which said analysis means 
was set up in the surface-analysis equipment of claim 1, and calculating the amount of bias of said 
inspection zone to this datum line for every cross-section configuration. 

[Claim 4] It is surface-analysis equipment characterized by creating the straight line determined by 
defining two points of surface type- like data [ in / on the surface- analysis equipment of claim 3, and / in 
said analysis means / said near field ] as the datum line. 

[Claim 5] It is surface-analysis equipment characterized by said analysis means calculating each 
maximum of the amount of convex side bias of the formation of a form status change of said inspection 
zone, and the amount of concave side bias as an analysis result in the surface-analysis equipment of 
claim 1. 

[Claim 6] It is surface-analysis equipment characterized by for said analysis means calculating each 
maximum of the amount of convex side bias of the formation of a form status change of said inspection 
zone, and the amount of concave side bias as an analysis result, and equipping said output means with a 
display means to display the sample cross-section configuration of having each maximum calculated by 
said analysis means, in the surface-analysis equipment of claim 1 . 

[Claim 7] The configuration data input phase of inputting the surface type-like data of the whole sample 
surface, and the cross-section configuration calculation phase of acquiring the radial cross-section 
configuration of a sample for every predetermined include angle based on the inputted data, The surface- 
analysis approach characterized by having the setting phase of setting up the near field close to an 
inspection zone and this inspection zone, and the analysis phase of asking for form status change-ization 
of said inspection zone for every cross-section configuration based on the surface type-like data of said 
set-up near field. 

[Claim 8] In the record medium which recorded the surface-analysis program which inspects a sample 
front face The cross-section configuration calculation phase of acquiring the radial cross-section 
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configuration of a sample for every predetermined include angle based on lire inputted data, The record 
medium which recorded the surface-analysis program characterized by having the setting phase of 
setting up the near field close to an inspection zone and this inspection zone, and the analysis phase of 
asking for form status change-ization of said inspection zone for every cross-section configuration based 
on the surface type-like data of said set-up near field. 



[Translation done.] 
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JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
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3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the record medium which recorded the surface-analysis 
equipment, the surface-analysis approach, and surface-analysis program which inspect the shape of 
surface type of a sample. 
[0002] 

[Description of the Prior Art] In semi-conductor wear, an optical disk, a magnetic disk, etc., the shape of 
surface type influences the quality of a product greatly. In the hard disk (HDD) which applied the 
magnetic material to glass or an aluminum disk especially, since reading and record of data are 
performed in the condition that the about dozens of nm magnetic head has surfaced from a disk front 
face, if rapid concave heights exist in a front face, the magnetic head and a disk collide, and will not 
crash or reading and record of data will no longer be performed. In this case, measurement of the rapid 
formation of a form status change becomes important at the same time it gets to know the display 
flatness of the whole front face. 

[0003] Moreover, rapid form status change-ization tends to appear in an edge part on the production 
process of a disk. The shape of surface type near an edge is estimated by the roll-off (henceforth RO) 
which shows the sagging condition of the edge section, and ski jumping (henceforth SJ) which shows 
the climax condition of the edge section. 

[0004] Sensing-pin-type test equipment and the non-contact-type test equipment by an electrostatic- 
capacity probe etc. are known as a technique which measures the shape of surface type of such a sample 
conventionally. Sensing-pin type test equipment makes an one direction scan a sample top, where a 
needle is directly contacted on a sample front face, and measures the shape of surface type from vertical 
movement of a needle. Also in non-contact type test equipment, an one direction is made to scan a probe 
similarly and the shape of surface type is measured by detecting the distance on a probe and the front 
face of a sample. 
[0005] 

[Problem(s) to be Solved by the Invention] However, in the above test equipment, in order to make a 
needle and a probe scan at the time of inspection, only one cross section can be inspected to 
measurement by one scan, but inspection time amount becomes long. For this reason, even if many, only 
radial 8 cross-section extent was inspected, but it is still un-inspecting except an inspection cross 
section, and the defective part may have been overlooked. 

[0006] Moreover, in sensing-pin type test equipment, since it measures by contacting a sample front 
face, a blemish may be attached to a sample front face. 

[0007] Furthermore, since it is time and effort to perform such surface type-like measurement and the 
whole display flatness measurement with another test equipment, to carry out to coincidence is desired. 
[0008] This invention makes it a technical technical problem to offer the surface-analysis equipment 
which crosses all over a sample and can inspect easily the rapid formation of a form status change, 
especially form status change-ization of an edge part in view of the trouble of the above-mentioned 
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conventional technique. 
[0009] 

[Means for Solving the Problem] In order to solve the above-mentioned technical problem, it is 
characterized by equipping this invention with the following configurations. 

[0010] (1) A configuration data input means to input the surface type-like data of the whole sample 
surface, A cross-section configuration calculation means to acquire the radial cross-section configuration 
of a sample for every predetermined include angle based on the inputted data, It is characterized by 
having a setting means to set up the near field close to an inspection zone and this inspection zone, an 
analysis means to ask for form status change-ization of said inspection zone for every cross-section 
configuration based on the surface type-like data of said set-up near field, and an output means to output 
this analysis result. 

[001 1] (2) The configuration data input means of (1) is characterized by having the interference fringe 
means forming which forms an interference fringe by the reflected light from a sample front face and a 
reference side, an image acquisition means to capture the image of the formed interference fringe, and 
an operation means to ask for the surface type-like data on the front face of a sample based on the 
captured image. 

[0012] (3) In the surface-analysis equipment of (1), said analysis means creates the datum line for every 
cross-section configuration based on the surface type-like data in said set-up near field, and it is 
characterized by calculating the amount of bias of said inspection zone to this datum line for every 
cross-section configuration. 

[0013] (4) In the surface-analysis equipment of (3), it is characterized by said analysis means creating 
the straight line determined by defining two points of the surface type-like data in said near field as the 
datum line. 

[0014] (5) In the surface-analysis equipment of (1), said analysis means is characterized by calculating 
each maximum of the amount of convex side bias of the formation of a form status change of said 
inspection zone, and the amount of concave side bias as an analysis result. 

[0015] (6) In the surface-analysis equipment of (1), said analysis means calculates each maximum of the 
amount of convex side bias of the formation of a form status change of said inspection zone, and the 
amount of concave side bias as an analysis result, and said output means is characterized by having a 
display means to display the sample cross-section configuration of having each maximum calculated by 
said analysis means. 

[0016] (7) The configuration data input phase of inputting the surface type-like data of the whole sample 
surface, The cross-section configuration calculation phase of acquiring the radial cross-section 
configuration of a sample for every predetermined include angle based on the inputted data, It is 
characterized by having the setting phase of setting up the near field close to an inspection zone and this 
inspection zone, and the analysis phase of asking for form status change-ization of said inspection zone 
for every cross-section configuration based on the surface type-like data of said set-up near field. 
[0017] (8) In the record medium which recorded the surface-analysis program which inspects a sample 
front face The cross-section configuration calculation phase of acquiring the radial cross-section 
configuration of a sample for every predetermined include angle based on the inputted data, It is 
characterized by having the setting phase of setting up the near field close to an inspection zone and this 
inspection zone, and the analysis phase of asking for form status change-ization of said inspection zone 
for every cross-section configuration based on the surface type-like data of said set-up near field. 
[0018] 

[Embodiment of the Invention] Hereafter, 1 operation gestalt is mentioned about this invention, and it 
explains based on a drawing. Drawing 1 is the important section block diagram of surface-analysis 
equipment. The following explanation explains the case where it is aimed at the glass or the aluminum 
disk used for HDD as a test portion. 

[0019] After the laser beam which carried out outgoing radiation from the helium-Ne laser light source 1 
which is a source of a measuring beam passes the expander lens 2, it is made the parallel flux of light by 
the collimator lens 3, and carries out incidence to prism 4. Distance with measuring-plane-ed & of a disk 
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6 is changed by the piezo-electric element 5, and, as for reference side 4' of pnsm 4, the phase of a 
reference beam changes. 

[0020] It reflects by measuring-plane-ed 6* of the disk 6 which penetrated reference side 4 1 and was laid 
in the installation base 7, and a part of light which carried out incidence to prism 4 passes prism 4 again, 
and it faces to a screen 8. The light reflected by reference side 4* on the other hand among the light 
which carried out incidence to prism 4 is projected on a lifting and a screen 8 toward a screen 8 in the 
light and the interference phenomenon which were reflected by measuring-plane-ed 6\ 
[0021] Image formation of the interference fringe projected on the screen 8 is carried out to the image 
pick-up side of a camera 10 with a lens 9, and it is picturized. The picturized interference fringe is 
transmitted to analysis equipment 1 1 as a video signal, and various kinds of operation analyses are 
performed. The monitor 12 which displays input section 1 la, such as a keyboard and a mouse, a 
photography image, and an analysis result is connected to analysis equipment 11. 13 is a control section 
and performs drive control of a laser light source 1 and piezo-electric element 5 grade. 
[0022] In surface-analysis equipment equipped with the above configurations, it is based on the flow 
chart Fig. of drawing 2 , and the actuation is explained below. 

[0023] After laying a disk 6 in the installation base 7, it puts on a predetermined measuring point. A 
laser beam is emitted by control of a control section 13 from a laser light source 1, and the interference 
fringe formed of the light reflected by reference side 4 ! and measuring-plane-ed 6' is projected on a 
screen 8. Moreover, a control section 13 impresses an electrical potential difference to a piezo-electric 
element 5, is changing the distance of reference side 4 f and measuring-plane-ed 6 f , and changes the 
phase of an interference fringe. In this way, the interference fringe image from which the phase changed 
is picturized with a camera 10, and each image data is incorporated by the memory in analysis 
equipment 1 1 . In addition, with a phase shift interference method, the number of phase shifts is usually 
performed at four or more steps. 

[0024] After analysis equipment 1 1 processes common knowledge at two or more interference fringe 
images with which the phases incorporated in memory differ, such as noise rejection, it determines a 
disk field based on the amplitude obtained in phase shift analysis, and performs connector doubling of a 
phase based on this. And the surface three-dimensions configuration of measuring-plane-ed & is 
computed by changing this phase data into height data. In addition, refer to JP,10-221033,A by these 
people for the detail of the analysis by this phase shift method. The computed three-dimensions 
configuration is displayed on a monitor 12 with a bird ? s-eye view, a contour map, etc., and a ** person 
can evaluate the display flatness of whole measuring-plane-ed 6'. 

[0025] Next, the case where SJ/RO is evaluated is explained. By input section 1 la, the parameter of 
SJ/RO displayed on a monitor 12 is chosen, and the radius locations rl and r2 for the metrics line 
creation in a radial cross section and the radius locations r3 and r4 of the inspection zone of SJ/RO are 
inputted as an input of a Measuring condition, rl, r2, r3, and r4 show the distance from a disk core, 
respectively. For example, in measurement of SJ/RO of the periphery edge section, r4 takes r3 from 
there to 3mm inside for the outermost periphery, rl is taken in the distance as r3 with r2 [ same ] at r2 to 
4mm inside as a near field where rl and r2 approach among rinspection zone r3-4. In addition, it 
includes in the program beforehand by making these [ rl r2, r3, and r4 ] into a fixed value, and only 
when inspecting an arbitration location, it may be made to make a numerical change. 
[0026] Analysis of SJ/RO is performed by this condition input. Hereafter, the analysis of SJ/RO is 
explained based on the mimetic diagram of the cross-section configuration of drawing 3 . First, it asks 
for the datum line L which connects the surface type-like locations hi and h2 in the radius locations rl 
and r2 about the cross section in the include angle theta 1 of measurement initiation. This datum line L 
serves as criteria of SJ/RO calculation in a disk radial cross section, and the amount [ as opposed to SJ 
value and a datum line L for the amount of convex side bias to a datum line L ] of concave side bias is 
calculated as a RO value. If the disk front face is changing gently-sloping, although the magnetic head 
can be followed, if the front face is changing rapidly, crash of the magnetic head and a disk will not arise 
or reading and record of data will not be performed. Therefore, by being near the inspection zones r3-r4, 
and taking rl and r2 which create the datum line L in the small section according to the flattery property 
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of the magnetic head, it is not influenced by bending of an entire disk etc. buroctent of the abrupt 
change of an inspection zone can be measured. Moreover, the datum line L may be obtained as a 
minimum square straight line between hi - h2. 

[0027] Next, it asks for surface type-like difference (amount of bias) deltah to the datum line L among 
r3-r4 which are an inspection zone. After computing amount of bias deltah in the field of r3-r4 in order, 
deltahmax (maximum of plus) and deltahmin (maximum of minus) used as the maximum of S J value in 
this cross section and RO value are respectively set to SJ1 and ROl, and it memorizes as SJmax and 
ROmax, respectively. 

[0028] If SJmax (SJ1) and ROmax (ROl) in the cross section in an include angle theta 1 are computed, 
the cross-section information on the following include angle theta 2 will be extracted, deltahmax and 
deltahmin will be computed like the above after calculation of the datum line L by rl and r2 in the cross 
section, and it will be referred to as SJ2 and R02, respectively. And SJmax and ROmax which were 
previously remembered to be SJ2 and R02 are compared, and the updating storage of the one where a 
value is larger is carried out as SJmax and ROmax. 

[0029] A sequential change of the include angle theta which extracts cross-section information is made 
hereafter, SJ value and RO value are computed about the cross section in every include angle, and 
SJmax and ROmax to the perimeter are obtained by updating as compared with SJmax and ROmax. 
Thus, the SJmax value and ROmax value over the whole sample surface can be easily acquired in 
analyzing based on the three-dimensions surface type-like data obtained from an interferometer. 
[0030] In addition, although the include angle of the cross section which analyzes may be performed the 
whole predetermined include angle (every [ for example, ] degree), it constitutes from this operation 
gestalt so that it may analyze by making into a measurement cross section the straight line in which the 
outside edge EO exists and which is connected to the pixel and disk core O for every pixel. 
[003 1] In this way, on the screen of a monitor 12, analysis of SJmax and ROmax to the perimeter 
displays the cross-section configuration of each cross section with SJmax and ROmax, as shown in 
drawin g 4 (a) and (b). The include angle theta of each cross-section configuration, a SJmax value, a 
ROmax value, etc. are displayed on each display. The location with the SJmax value of each cross 
section and a ROmax value is shown by Marks 20a and 20b, respectively. In addition, in the display of 
drawing 4 (a) and the cross-section configuration of (b), the level criteria (0 locations) of an axis of 
ordinate are displayed on the basis of the virtual flat surface searched for with the least square method 
based on all sample surface type-like data. 

[0032] Moreover, as shown in drawin g 5 , on the high diagram 30, such as having been displayed as an 
analysis result of display flatness, the location of SJmax is shown by mark 31a and the location of 
ROmax is shown by mark 31b. 

[0033] Thus, if the include angle for which it asks by input section 1 la further is specified to the 
analyzed result, the cross-section configuration in the include angle theta specified by analysis 
equipment 1 1, a SJmax value, and a ROmax value will be calculated, and the result in an arbitration 
include angle will be displayed on a monitor 12. 

[0034] Moreover, as an analysis result, various kinds of modification is possible as follows. For 
example, when SJ value and RO value want to know a part 0.1 micrometers or more, that distribution 
condition is displayed on the high diagram 30, such as having been shown in drawin g,! , by inputting 
this condition. 

[0035] A ** person can evaluate the shape of surface type of a disk by the cross-section configuration 
displayed on a monitor 12 as mentioned above, SJ value, and RO value. Moreover, since the location of 
SJmax and ROmax to a whole configuration (three-dimensions configuration) is displayed, the 
relevance of display flatness, and SJ and RO can also be known. Furthermore, it can use for a production 
control, the improvement of a production process, etc. by creating the distribution map based on the 
result of SJ value over the whole surface, and RO value, or taking statistics. 
[0036] 

[Effect of the Invention] As explained above, according to this invention, it can cross all over a sample, 
SJ value and RO value can be acquired easily, and the maximum, a cross-section location, etc. can be 
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obtained easily. Furthermore, aninspection sample is not damaged for non-wntact. Moreover, one 
equipment can also perform display flatness measurement of a sample. 



[Translation done.] 
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* NOTICES * 



JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 



1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DRAWINGS 



[Drawing 1 





[Drawing 2] 
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[Drawing 5] 
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[Drawing 4] 
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